INTRODUCTION.

The continuous development of i n d u s t r i a l a p p l i c a t i o n s i n cryogenic f i e l d r e q u i r e s new, more economical and/or b e t t e r performing nonmagnetic s t r u c t u r a l m a t e r i a l s .
For t h i s reason, t h e Fe-Mn-base a l l o y s have been t h e o b j e c t of i n c r e a s i n g i n t e r e s t . . These high manganese (25-32%) nonmagnetic a u s t e n i t i c s t e e l s s t a b i l i z e d and s t r e n gthened by moderate chromium (5-10%) and r e l a t i v e l y high carbon (0,2-0,6%) a d d i t i o n s can be considered a s p o t e n t i a l s u b s t i t u t e s f o r t h e c l a s s i c a l Fe-Ni-Cr a u s t e n i t i c s t e e l s concerning t h e i r low c o s t , low c o e f f i c i e n t of thermal expansion below t h e Nee1 temperature combined with high s t r e n g t h and toughness f o r cryogenic applications(1-2).
During t h e l a s t f i v e years, t h i s l a b o r a t o r y has conducted an extensive r e s e a r c h program on t h e Fe-Mn-A1 base a l l o y s and s t e e l s having p o t e n t i a l i n t e r e s t f o r such a p p l ic a t i o n s (3) (4) (5) . This study has involved t h e determination of mechanical p r o p e r t i e s a t both room and l i q u i d n i t r o g e n temperatures i n r e l a t i o n t o m i c r o s t r u c t u r e a s well a s some t r a n s p o r t p r o p e r t i e s . A systematic determination of the a u s t e n i t i c l a t t i c e parameter a s a f u n c t i o n of chemical composition has a l s o been performed. The purpose of t h i s a r t i c l e i s t o o u t l i n e t h e p o t e n t i a l i n t e r e s t of t h e Fe-Mn-A1 system, strengthened by carbon and s i l i c o n a d d i t i o n s , a s new s t r u c t u r a l m a t e r i a l f o r cryogenic a p p l i c a t i o n s .
EXPERIMENTAL PROCEDURE.
The c a s t i n g , homogenization and thermomechanical g r a i n -r e f i n i n g treatments of these 1200 and 2400 gram i n g o t s have been previously reported (3-5).
The average g r a i n -s i z e of t h e normalized t e n s i l e specimens (Lo 25 m, $0 5 mm) a s well a s those of the Charpy KCV specimens was 50 pm. X-ray powder d i f f r a c t i o n p a t t e r n s were obtained with a 1 14,6 mm diameter Debye-Scherrer camera using u n f i l t e r e d charact e r i s t i c chromium r a d i a t i o n . Powder, obtained by f i l i n g hroken t e n s i l e and impact specimens, were s t r a i n -r e l i e v e d i n sealed quartz tubes containing an argon atmosphere f o r 10-15 minutes a t 800°C. C y l i n d r i c a l specimens (3 mm diameter -30 mm length) f o r e l e c t r i c a l and thermal conductivity t e s t s were machined from fine-grained bulk mater i a l prepared by several cold r o l l i n g passes followed by r e~r i s t a l l y z a t i o n heattreatment of 20 minutes a t 925 ? 1 0 '~. The measurement of both pand K i n t h e temperat u r e range of 77 t o 300 K was performed i n a multi-specimen v a r i a b l e temperature c r y o s t a t ( 4 ) . Heat l o s s e s of our system could be estimated by c a l i b r a t i o n of the thermal c i r c u i t s using a sample of e l e c t r o l y t i c i r o n furnished by t h e NBS.
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a ) Mechanical p r o p e r t i e s a t 77 and 300 K. A s o l u t i o n hardening e f f e c t of aluminum s t a b i l i z e s t h e a u s t e n i t i c s t r u c t u r e v e r s u s t h e Y ' E transformation a s e x h i b i t e d f o r t h e Fe-30%Mn binary a l l o y during p l a s t i c deformation a t both 77 and 300K. Carbon a d d i t i o n s have a s t r o n g i n t e r s t i t i a l s o l i d -s o l u t i o n hardening e f f e c t which can be e a s i l y explained by t h e f a c t t h a t t h e Fe-Mn-Al-base a l l o y does n o t c o n t a i n any s t r o n g carbide-forming elements. Furthermore, t h e high a u s t e n i t i c s t a b i l i z i n g e f f e c t of carbon can be used t o s l i g h t l y i n c r e a s e t h e aluminum content ( -8%) without loosing t h e a u s t e n i t i c s t r u c t u r e ( 7 ) . F i g u r e 2 shows t h e r e s p e c t i v e c o n t r i b u t i o n of manganese and aluminum i n binary Fe-(20-40)Mn a l l o y and t e r n a r y Fe-(20-4O)Mn-5Al a l l o y s . Aluminum has, without doubt, an important e f f e c t which can b e explained by t h e import a n t d i f f e r e n c e i n t h e Goldsmidt radii between t h i s element and b o t h i r o n and manganese. Complementary compositions have conf irmed t h e e s s e n t i a l y a d d i t i v e c o n t r i b u t i o n of each a l l o y i n g element. It was thus p o s s i b l e t o s e t up a master equation y i e l d i n g t h e a u s t e n i t i c l a t t i c e parameter a s a f u n c t i o n o f t h e chemical composition f o r a l l o y s and s t e e l s i n t h e composition range, (20-40%)Mn, (0-5%)A1, and (0-l%)C. The e f f e c t o f carbon a d d i t i o n s t o t h e Fe-22 and 30Mn-5A1 base a l l o y s on t h e a u s t e n it i c l a t t i c e parameter a r e r e p o r t e d f i g u r e 3 .
-- -E l e c t r i c a l r e s i s t i v i t y .
Figure 4 shows t h e temperature dependence of t h e e l e c t r i c a l r e s i s t i v i t y between 78
and 300 K of d i f f e r e n t highmanganese a u s t e n i t i c a l l o y s . I t may be observed t h a t f o r both f a m i l i e s Fe-(28-44)Mn and Fe-(29-40)Mn-5A1 a l l o y s , a small increase of e l e c t r ic a l r e s i s t i v i t y with i n c r e a s e of manganese content i s observed. This i s well-known r e s u l t f o r t h e binary Fe-Mn a l l o y s (9-10). Aluminum additions, i n c o n t r a s t , have a strong influence on t h e e l e c t r i c a l r e s i s t i v it y of these h i f h manganese a u s t e n i t i c s t e e l s (~8~~ Fe-30Mn = 34 mcm, pgOK Fe-29Mn-5A1 = 110 pRcm and pgOK Fe-30Mn-8A1-IC = 160 yncm) . This may probably been p a r t i a l l y explained by an i n c r e a s e of t h e s c a t t e r i n g processes with an increase of t h e number of p o i n t s d e f e c t s . Here, t h e aluminum s i t e s due t o t h e i r important d i f f e r e n c e i n radyi with respect t o manganese and i r o n have a major contribution. This i s confirmed by t h e important i n c r e a s e of t h e r e s i d u a l r e s i s t i v i t y , with increase of aluminum additions. Another important contribution of aluminum addition on t h e e l e c t r i c a l r e s i s t i v i t y temperature dependence of the Fe-Mn a u s t e n i t i c a l l o y s i s t h e progressive change of t h e slope of t h e curves. An unexpected increase of e l e c t r i c a l r e s i s t i v i t y with decrease of t h e temperature i s observed f o r t h e high aluminum cont e n t a u s t e n i t i c s t e e l s . F i n a l l y , t h e e l e c t r i c a l r e s i s t i v i t y of Fe-Mn-A1 a l l o y s a r e somewhat higher than t h a t reported f o r the Fe-Ni-Cr a u s t e n i t i c s t e e l s (AISI 304 : PgoK 5 60 pncm; ~3 0 0~ " 78 0 cm) (1 1 ) . -'EermaL_co_nduc_tivi5~ - Figure 5 shows t h e temperature dependence of t h e thermal conductivity between 77 and 300 K of several iron-manganese a u s t e n i t i c s t e e l s with increasing aluminum additions. As already observed f o r the e l e c t r i c a l r e s i s t i v i t y measurements, aluminum a d d i t i o n s have a stronger e f f e c t than t h a t of manganese. Here a l s o , an increase of phonon s c a tt e r i n g by t h e l a t t i c e imperfections introduced by the s u b s t i t u t i o n a l added atoms, especially i n the case of aluminum a d d i t i o n s , can roughly explain t h e experimental curves. The thermal conductiQity r e s u l t s reported f o r our a l l o y s a r e somewhat similar to t h a t of t h e c l a s s i c a l Fe-Ni-Cr a u s t e n i t i c a l l o y s ( KgOK=0,09 watt/cmK; K300K" 0,15 wdtt/cmK) (11). 
CONCLUSIONS .
The Fe-Mn-Al-Si-C a u s t e n i t i c s t e e l s due t o t h e i r i n c r e a s e d room-t emperature y i e l d s t r e n g t h (380 MPa) and good Charpy KCV v a l u e s ( > 130J/cm2) a t 77 K p o s s e s s mechan i c a l p r o p e r t i e s which render them p o t e n t i a l c a n
d i d a t e s a s s u b s t i t u t e s f o r Fe-Ni-Cr a u s t e n i t i c s t e e l s i n most f i e l d s of cryogenic a p p l i c a t i o n . I n a d d i t i o n , t h i s paper o u t l i n e s t h e p a r t i c u l a r l y important e f f e c t on t h e l a t t i c e parameter, e l e c t r i c a l and thermal c o n d u c t i v i t y o f aluminum a d d i t i o n s i n t h e Fe-Mn a u s t e n i t i c a l l o y s . These
can be r e a d i l y explained by t h e important d i f f e r e n c e i n t h e Goldsmidt r a d i u s of a l uminum w i t h r e s p e c t t o t h o s e of b o t h i r o n and manganese. F i n a l l y , i t must be s t r e s s e s t h a t t h e s e new grades of a l l o y s and s t e e l s w i l l not be influenced by an eventual s c a r c i t y of n i c k e l o r chromium.
